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ABSTRACT 

L i f e  t e s t s  were conducted on a 22-N (5-1b) h y d r a z i n e  r o c k e t  t h r u s t e r  wh ich  i n c o r p o r a t e s  t h e  l a t -  
e s t  t echno logy  t o  o b t a i n  l o n g  l i f e  f r o m  t h e  c a t a l y s t  bed. A s p r i n g  mechanism su r round ing  t h e  ca ta -  
l y s t  bed c o n t i n u a l l y  a p p l i e s  compression t o  the c a t a l y s t  bed t o  p reven t  t h e  f o r m a t i o n  o f  any v o i d  
channe ls .  The t h r u s t e r  was ins t rumen ted  and then i n s t a l l e d  i n  a h i g h  a l t i t u d e  f a c i l i t y  a t  t h e  NASA 
Lewis Rocket Engine Tes t  F a c i l i t y .  
c y c l e  o f  b o t h  s t e a d y - s t a t e  and p u l s e  f i r i n g  which s imu la ted  a p o s s i b l e  Space S t a t i o n  d u t y  c y c l e .  
The t h r u s t e r  r a n  as expec ted  f o r  about  40 h r ,  o r  3 . 2 ~ 1 0 ~  N-sec ( 7 . 2 ~ 1 0 5  lb -sec )  t o t a l  impu lse .  
sequen t l y ,  some t h r u s t  chamber p ressu re  decreases were no ted  d u r i n g  l o n g  s t e a d y - s t a t e  t e s t  p e r i o d s .  

i n j e c t o r  t ube  wh ich  o c c u r r e d  d u r i n g  h e a t i n g  of  t h e  t h r u s t e r  by a hea t  lamp. The t h r u s t e r  had accrued 
o v e r  4 . 8 ~ 1 0 ~  N-sec ( 1 . 1 ~ 1 0 ~  lb -sec )  o f  t o t a l  impulse b e f o r e  t h e  i n j e c t o r  t ube  was i n a d v e r t e n t l y  
b locked .  A f t e r  d isassembly  and i n s p e c t i o n  o f  t he  t h r u s t e r ,  a chemical  a n a l y s i s  o f  t h e  c a t a l y s t  i n d i -  
ca ted  t h a t  i r o n  and n i c k e l  me ta l s  had poisoned some o f  t h e  c a t a l y s t ,  t he reby ,  caus ing  a deg rada t ion  
i n  per fo rmance.  I t  was de termined t h a t  a contaminated o r  " p i n k "  b a r r e l  o f  h y d r a z i n e  was t h e  source  
o f  t h e  meta l  p o i s o n i n g .  An examina t ion  of the c a t a l y s t  bed compression s p r i n g  i n d i c a t e d  t h a t  approx- 
i m a t e l y  2 pe rcen t  l i f e  remained. 
caused t h e  c a t a l y s t  l o s s  r a t e  t o  a c c e l e r a t e  and t h e  t h r u s t e r  l i f e  may be g r e a t e r  t h a n  r e p o r t e d  i n  
t h i s  paper .  

The Rocket Research t h r u s t e r  was t e s t e d  o v e r  an o p e r a t i o n a l  

Sub- 

A f t e r  60.2 h r  o f  r u n  t ime ,  t h e  t e s t s  had t o  be  t e r m i n a t e d  due t o  a b lockage  i n  t h e  p r o p e l l a n t  

I t  i s  p o s s i b l e  t h a t  t h e  use o f  con taminated  h y d r a z i n e  may have 

INTRODUCTION 

Hydraz ine  t h r u s t e r s  have been s u c c e s s f u l l y  u t i l i z e d  f o r  v a r i o u s  s h u t t l e  and s a t e l l i t e  m iss ions  
These t h r u s t e r s  have a l i m i t e d  l i f e  because o f  v o i d s  wh ich  u l t i m a t e l y  occu r  f o r  a number o f  yea rs .  

due t o  c a t a l y s t  l o s s .  
T h i s  roughness, as measured by chamber p ressure  peak t o  peak o s c i l l a t i o n s ,  i s  t h e  c r i t e r i o n  wh ich  
u s u a l l y  de termines  t h e  "end o f  l i f e "  o f  the t h r u s t e r .  
mined b y  t h e  t y p e  o f  m i s s i o n  for  which t h e  t h r u s t e r  i s  used, and n o r m a l l y  v a r i e s  between 15 and 
50 p e r c e n t .  Another  p o t e n t i a l  t h r u s t e r  f a i l u r e  mode i s  p o i s o n i n g  o f  t h e  c a t a l y s t ,  wh ich  occu rs  when 
a f o r e i g n  subs tance comes i n  c o n t a c t  w i t h  the  c a t a l y s t  bed. These contaminants  d r e  depos i ted  on t h e  
a c t i v e  c a t a l y s t  su r faces ,  t he reby  r e d u c i n g  the e f f e c t i v e  a rea  f o r  decompos i t ion .  The reduced a c t i v -  
i t y  i n  t h e  c a t a l y s t  causes t h e  f lame f r o n t  t o  s h i f t ,  wh ich  u l t i m a t e l y  r e s u l t s  i n  a d rop  i n  chamber 
p r e s s u r e  and d e g r a d a t i o n  o f  t h e  t h r u s t e r  performance due t o  i ncomp le te  decompos i t ion  o f  t h e  hydra- 
z i n e .  T h i s  phenomenon i s  c a l l e d  "washout" and, i n  severe  cases, causes t h e  eng ine  t o  shutdown. 
Many v a r i a b l e s  such as; d u t y  c y c l e ,  chamber p ressure ,  shape and l o a d i n g  o f  t h e  c a t a l y s t  bed, t y p e  o f  
con ta inment ,  e t c .  a r e  i n v o l v e d  i n  t h i s  phenomenon and a r e  covered i n  d e t a i l  i n  t h e  Refs .  1 and 2.  

F u t u r e  a p p l i c a t i o n s  such as space s t a t i o n  p l a t f o r m s  w i l l  r e q u i r e  l o n g - l i f e  t h r u s t e r s  wh ich  w i l l  
be used f o r  b o t h  s h o r t  pu l ses  and long  s teady -s ta te  f i r i n g .  Rocket Research Company developed and 
t e s t e d  a l o n g - l i f e  22-N ( 5 - l b f )  hyd raz ine  t h r u s t e r  under an Advanced Development C o n t r a c t  f r o m  t h e  
A i r  Fo rce  (Re f .  3 ) .  The t h r u s t e r  was designed, f a b r i c a t e d  and t e s t e d  t o  demonst ra te  i t s  c a p a b i l i t y  
t o  m e e t  t h e  demanding m i s s i o n  requ i remen ts  o f  f u t u r e  m i l i t a r y  s a t e l l i t e s .  
duc ted  by Rocket Resedrch Company, (RRC), under an A i r  Force  c o n t r a c t ,  a s i m i l a r  t h r u s t e r  was t e s t e d  
t o  3 . 6 ~ 1 0 ~  N-sec (806, 770 lb -sec )  t o t a l  impulse. and a second was f i r e d  f o r  528 000 pu lses .  
o t h e r  t e s t s  a t  t h e  A i r  Force  Rocket P ropu ls ion  Labora to ry  (Re f .  4 ) ,  AFRPL a s i m i l a r  hyd raz ine  
t h r u s t e r  was f i r e d  f o r  1 020 000 pu lses .  These t e s t s  were conducted s i m u l t a n e o u s l y  on f i v e  d i f f e r e n t  
t h r u s t e r s  ove r  a range o f  s h o r t  pu l ses  va ry ing  between 2 5  t o  2000 msec. 
t hese  t e s t s  was t h e  same des ign  as t h e  one used i n  t h e  NASA t e s t s  w i t h  a compression s p r i n g  sur round-  
i n g  t h e  c a t a l y s t .  The RRC t h r u s t e r  d i d  exper ience roughness and performance d e g r a d a t i o n  d u r i n g  these  
t e s t s .  A s  de termined l a t e r  i n  t h e  disassembly and i n s p e c t i o n  a t  Rocket Research Company ( R e f .  5 ) ,  
t hese  problems were caused by a l e a k i n g  p r o p e l l a n t  v a l v e  and h i g h  v a l v e  tempera ture  due t o  i n a d v e r t -  
e n t  o p e r a t i o n  o f  e x t e r n a l  heat  lamps. The roughness prob lem encountered i n  these t e s t s  i s  an a r t i -  
f a c t  o f  f i r i n g  w i t h  t h e  t h r u s t e r  p o i n t e d  v e r t i c a l l y  down i n  a 1-9 f i e l d .  
c l o s e l y  approx imates  t h e  0-9 c o n d i t i o n  f o r  which t h e  compression s p r i n g  i s  des igned.  I n  a v e r t i c a l  

The v o i d s  i n  t h e  c a t a l y s t  bed cause t h e  t h r u s t e r  o p e r a t i o n  t o  become rough.  

The v a l u e  o f  accep tab le  roughness i s  p r e d e t e r -  

I n  p r e v i o u s  t e s t s  con- 

I n  

The RRC T h r u s t e r  used i n  

H o r i z o n t d l  f i r i n g  more 
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a t t i t u d e ,  t h e  c a t a l y s t  tends t o  s e t t l e  and packs i n  an a x i a l  o r i e n t a t i o n  wh ich  i s  a c o n f i g u r a t i o n  f o r  
which i t  i s  d i f f i c u l t  f o r  t h e  s p r i n g  t o  e l i m i n a t e  t h e  v o i d s .  

I n  an e f f o r t  t o  p rov ide  needed monoprope l l an t  hyd raz ine  t h r u s t e r  t echno logy  f o r  f u t u r e  NASA m i s -  
s i ons ,  a Techn ica l  Exchange Agreement ( T E A )  was reached between Rocket Research Company and NASA. 
Under t h e  TEA,  a new RRC t h r u s t e r  would be t e s t e d  a t  NASA Lewis Research Cen te r  u n t i l  an "end o f  
l i f e "  f a i l u r e  occu r red .  The c r i t e r i o n  f o r  t h r u s t e r  " e n d - o f - l i f e ' '  f o r  t hese  t e s t s  was predetermined 
t o  be a chamber p ressure  f l u c t u a t i o n  o r  roughness o f  15 t o  20 p e r c e n t .  

ENGINE DESCRIPTION 

Rocket Research Company developed t h e  Rad ia l  Out f low lDynamic  R e t e n t i o n  
advanced development c o n t r a c t  (Ref .  3 ) .  The un ique f e a t u r e  o f  t h i s  eng ine  
dynamic r e t e n t i o n  system. The r a d i a l  f l o w  bed i s  con ta ined  by a r a d i a l  bed 
upon by a compression band. The compression band i s  anchored t o  t h e  t h r u s t  
t o  a t o r s i o n a l  s p r i n g  a t  t h e  o t h e r .  The s p r i n g  a p p l i e s  a compressive f o r c e  
c o l l a p s e s  any v o i d  t h a t  may deve lop  d u r i n g  o p e r a t i o n .  

Engine ( F i g .  1 )  under an 
s i t s  c a t a l y s t  bed 
p l a t e  which i s  a c t e d  
chamber a t  one end and 
on t h e  c a t a l y s t  bed and 

The p r o p e l l a n t  i n j e c t o r  t ube  runs  th rough  t h e  c e n t e r  o f  t h e  r a d i a l  f l o w  bed. Hydraz ine  e n t e r s  
t h e  c a t a l y s t  bed th rough t h r e e  l o n g i t u d i n a l  s l o t s  i n  t h e  tube  and i s  d i s p e r s e d  by a P o r o l o y  
Nichrome V d i s p e r s i o n  element. The r a d i a l  c a t a l y s t  bed uses 20.92 g o f  S h e l l  405, 25 t o  30 mesh 
c a t a l y s t ,  and has a 0.53-cm ( 0 . 2 1 - i n . )  i n n e r  d iamete r ,  a 2.87-cm (1 .13 - in . )  o u t e r  d iamete r ,  and a 
2.28-cm ( 0 . 9 - i n . )  a x i a l  l e n g t h .  

z l e .  The p r o p e l l a n t  va lve  i s  a s i n g l e - c o i l ,  s i n g l e - s e a t  v a l v e .  A photograph o f  t h e  t h r u s t e r  w i t h  
some i n s t r u m e n t a t i o n  i s  shown i n  F i g .  2.  

The t h r u s t  chamber i s  made o f  H a s t e l l o y  E,  6.02-cm ( 2 . 3 7 - i n . )  i n  d iamete r  w i t h  a 40 .1  b e l l  noz- 

INSTRUMENTATION 

Chrome1 alumel thermocouples were used t o  measure tempera tures  a t  t h e  t h r u s t e r  t h r o a t ,  chamber 
w a l l ,  i n j e c t o r  tube,  and i n s i d e  t h e  t h r u s t  chamber body. Two chamber p ressu re  taps  as shown i n  
F i g .  2 were l o c a t e d  i n  the  t h r u s t  chamber body. These chamber p ressu re  measurements were averaged 
and used t o  m o n i t o r  t h r u s t e r  roughness. A s  t h e  c a t a l y s t  i s  d e p l e t e d  t o  t h e  p o i n t  where v o i d s  a r e  
formed i n  t h e  bed, t h r u s t e r  o p e r a t i o n  becomes rougher .  The pe rcen t  roughness i s  c a l c u l a t e d  f r o m  t h e  
chamber p ressu re  measurements w i t h  a p redetermined va lue  o f  15 t o  20 p e r c e n t  roughness cons ide red  as 
t h e  "end o f  l i f e . "  Hydrazine f l ow  r a t e s  were measured by ave rag ing  read ings  f r o m  two t u r b i n e  f l o w  
meters .  Th rus t  was measured by l oad  c e l l s  and c a l c u l a t e d  u s i n g  t h e  average o f  t h e  two chamber p res -  
sure  (Pc) measurements. The measured t h r u s t  u t i l i z e d  t h r e e  l o a d  c e l l s  which were p r e v i o u s l y  used f o r  
a much l a r g e r  eng ine ;  t h e r e f o r e ,  t h e  measured t h r u s t  was n o t  v e r y  accu ra te .  S ince  t h e  t e s t s  were f o r  
"end o f  l i f e " ,  t h e  t h r u s t  c a l c u l a t e d  f rom t h e  chamber p ressu re  measurements was adequate and appeared 
t o  be c o n s i s t e n t  w i t h  p rev ious  t h r u s t e r  t e s t  d a t a  (Ref .  3 ) .  

FACILITY DESCRIPTION 

T e s t i n g  was accompl ished i n  an a l t i t u d e  t e s t  s tand a t  t h e  Rocket Engine Tes t  F a c i l i t y  ( R E T F )  a t  
NASA L e w i s .  Th i s  f a c i l i t y  i s  n o r m a l l y  used f o r  t e s t i n g  l a r g e  r o c k e t  eng ines  w i t h  t h r u s t  l e v e l s  rang- 
i n g  up t o  4 . 4 ~ 1 0 3  N (1000 l b )  a t  n o z z l e  a rea  r a t i o s  as h i g h  as 1 O O O : l  and background p ressu res  as low 
as 2.07 KPa (0.03 p s i a ) .  A s m a l l e r  t e s t  f a c i l i t y  was n o t  a v a i l a b l e  a t  t h e  t i m e ;  t h e r e f o r e ,  i n  o r d e r  
t o  e x p e d i t e  t h e  hyd raz ine  t h r u s t e r  t e s t s ,  t h i s  l a r g e  f a c i l i t y  was u t i l i z e d .  
o f  t h e  RETF f a c i l i t y  i s  shown i n  F i g .  3 (a)  w i t h  a schematic o f  t h e  f a c i l i t y  shown i n  F i g .  3 ( b ) .  The 
t e s t  capsu le  was cons t ruc ted  i n  two p a r t s ;  one p a r t  was t h e  f i x e d  bu lkhead on wh ich  t h e  t h r u s t e r  was 
mounted and t h e  o t h e r  p a r t  was t h e  r e t r a c t a b l e  t a n k  which can be r o l l e d  back t o  p r o v i d e  access t o  t h e  
hardware. 

For t h e  hyd raz ine  t e s t s ,  t h e  t e s t  t h r u s t e r  was mounted h o r i z o n t a l l y  i n  t h e  t e s t  capsu le  w i t h  t h e  
t h r u s t e r  exhaus t ing  i n t o  the smal l  d i f f u s e r  shown i n  F i g .  4 .  The smal l  d i f f u s e r  was water -coo led  and 
exhaust  gases were pumped f rom t h i s  smal l  d i f f u s e r  i n t o  t h e  l a r g e r  d i f f u s e r  shown i n  F i g .  3.  
exhaust then passed through t h e  spray  c o o l e r ,  and then  t o  t h e  e j e c t o r s  wh ich  exhausted  v e r t i c a l l y  t o  
atmosphere. The e j e c t o r  system p rov ided  an i g n i t i o n - f r e e ,  pumping a c t i o n  necessary  w i t h  t h e  hydrogen 
f i l l e d  environment produced by t h e  t h r u s t e r .  The e j e c t o r  system used f o r  t hese  t e s t s  u t i l i z e d  serv -  
i c e  a i r  w i t h  u n l i m i t e d  supp ly  a t  i t s  des igned f l o w .  

d i f f u s e r  t o  evacuate  t h e  t e s t  capsu le  env i ronment  t o  a lower  p ressu re  0 .69  KPa (0 .1  p s i a )  t han  t h a t  
p rov ided  by t h e  s e r v i c e  a i r  e j e c t o r s  a lone  2.07 KPa (0 .3  p s i a ) .  
p r o v i d i n g  a two-s tage puiiiping arrangement.  

shown i n  F i g .  4 .  

A cutaway i l l u s t r a t i o n  

The 

D u r i n g  t h e  t e s t  o f  t h e  t h r u s t e r ,  t h e  k i n e t i c  energy o f  t h e  t h r u s t e r  exhaust  gases ac ted  w i t h  t h e  

The two e j e c t o r s  were used i n  s e r i e s  

The t h r u s t e r  was mounted on a t h r u s t  s tand  a t tached  t o  t h e  f i x e d  end o f  t h e  t e s t  capsu le  as 
I n  t h i s  f i g u r e ,  t h e  movable p a r t  o f  t h e  t e s t  capsu le  has been r o l l e d  away on i t s  
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t r a c k  toward  t h e  sp ray  c o o l e r .  
away t o  p r o v i d e  access t o  work on t h e  hardware. 
s tand  on t h e  r i g h t  s i d e .  
i n g  t h e  t h r u s t e r  f r o m  t h e  r i g h t .  The t h r u s t e r  c o n t r o l  v a l v e  i s  mounted t o  t h e  t h r u s t e r .  The b leed  
l i n e  shown i n  F i g .  4 i s  used t o  e l i m i n a t e  n i t r o g e n  vapor when i n i t i a l l y  f i l l i n g  t h e  p r o p e l l a n t  l i n e  
w i t h  h y d r a z i n e .  Dead end p i p i n g  t o  p ressu re  t ransducers  and thermocoup les  was p laced  i n  a downward 
p o s i t i o n  t o  a v o i d  vapor b e i n g  t rapped i n  t h e  system. 
c o n d i t i o n  t h e  c a t a l y s t  bed tempera ture  t o  app rox ima te l y  121 "C (250 O F )  p r i o r  t o  each c o l d  s t a r t .  
T h i s  hea t  lamp was used i n  l i e u  o f  a c a t a l y s t  bed h e a t e r  wh ich  would be used i n  a f l i g h t  des ign .  
Shown a t  t h e  t o p  o f  F i g .  4 a r e  t h e  two t ransducers  used t o  measure chamber p ressu re .  

The d i f f u s e r  i s  s t i l l  i n  p l a c e  i n  t h e  f i g u r e ,  b u t  can a l s o  be r o l l e d  
F i g u r e  4 shows t h e  mount ing  p l a t e  o f  t h e  t h r u s t  

The t h r u s t e r  i s  a t  the c e n t e r  o f  t h e  f i g u r e  w i t h  t h e  p r o p e l l a n t  l i n e  e n t e r -  

Behind t h e  t h r u s t e r  i s  a hea t  lamp used t o  p re -  

TEST PROCEDURE 

The t h r u s t e r  was t e s t e d  ove r  an o p e r a t i o n a l  c y c l e  o f  b o t h  s t e a d y - s t a t e  and p u l s e  f i r i n g s  wh ich  
c o u l d  p o s s i b l y  s i m u l a t e  a space s t a t i o n  d u t y  cyc le .  A t y p i c a l  t e s t  would s t a r t  w i t h  t h e  s e r v i c e  a i r  
e j e c t o r s  evacua t ing  t h e  t e s t  capsu le  and spray c o o l e r  t o  a p r e s s u r e  o f  app rox ima te l y  2.07 KPa 
(0 .3  p s i a ) .  
d e s i r e d  f l o w  c o n d i t i o n .  The hea t  lamp would be used t o  hea t  t h e  t h r u s t e r  (and c a t a l y s t )  t o  a 121 "C 
(250 "F )  t empera tu re .  Coo lan t  water  f l o w  was then s t a r t e d  th rough  t h e  smal l  d i f f u s e r .  The t h r u s t e r  
was t h e n  f i r e d  by open ing  t h e  t h r u s t e r  c o n t r o l  v a l v e  t o  f l o w  h y d r a z i n e  ove r  t h e  c a t a l y s t .  
t h e  t e s t  f i r i n g ,  t h e  exhaust  gases e n t r a i n e d  the rema in ing  gases i n  t h e  t e s t  capsu le  and c a r r i e d  
them o u t  t h rough  t h e  d i f f u s e r .  Th i s  pumping a c t i o n  decreased t h e  t e s t  capsu le  p ressu re  t o  0.69 KPa 
(0.1 p s i a ) .  

f o l l o w i n g  parameters  were " o u t  o f  range" :  chamber p ressu re ,  h y d r a z i n e  f l o w r a t e ,  t e s t  capsu le  p res -  
sure ,  e j e c t o r  supp ly  p ressu re ,  o r  d i f f u s e r  c o o l i n g  water  p r e s s u r e .  
t h e  tempera tu re  o f  t h e  hyd raz ine  d e l i v e r e d  t o  t h e  t h r u s t e r .  

A t  shutdown o f  t h e  t h r u s t e r ,  t h e  pressure  d i f f e r e n t i a l  ac ross  t h e  d i f f u s e r  c r e a t e d  by t h e  
t h r u s t e r  pumping a c t i o n  would r e s u l t  i n  a p ressure  p u l s e  f rom t h e  sp ray  c o o l e r  back t o  t h e  t e s t  cap- 
s u l e ,  r a i s i n g  t h e  t e s t  capsu le  p ressu re  back t o  2.07 KPa (0 .3  p s i a ) .  
u a t e  t h e  system w h i l e  t h e  t h r u s t e r  was a l lowed t o  coo l  t o  482 "C (900 "F) ( d u t y  c y c l e  tempera ture  i f  
i n  a c y c l i n g  mode) o r  t o  93 "C  (200 O F )  i f  t e s t i n g  f o r  t h e  day was completed. 
t h e  i s o l a t i o n  v a l v e  between t h e  e j e c t o r s  and the sp ray  c o o l e r  was c l o s e d  and then  t h e  e j e c t o r s  
t u r n e d  o f f .  
t o  a tmospher ic  p r e s s u r e .  These p r e c a u t i o n s  were taken  t o  p r e v e n t  t h e  h o t  c a t a l y s t  (above 121 " C  
(250 O F ) )  f r o m  damage wh ich  c o u l d  be caused by oxygen i n  t h e  t e s t  capsu le .  
t i o n s ,  d u r i n g  one t e s t ,  f i r e  f l a s h e s  were s e e n  i n s i d e  t h e  t e s t  capsu le  v i a  t e l e v i s i o n  m o n i t o r s .  
These f l a s h e s  o f  f i r e  were caused by a smal l  a i r  l e a k  a t  t h e  main "0" r i n g  wh ich  s e a l s  t h e  f i x e d  
bu lkhead and t h e  r e t r a c t a b l e  tank .  The a i r  leak  was r e p a i r e d  and no f l a s h e s  were seen d u r i n g  t h e  
remainder  o f  t h e  t e s t s .  However, t h e r e  was concern t h a t  t h e  oxygen f r o m  t h i s  a i r  l e a k  may have 
po isoned t h e  c a t a l y s t  s i n c e  i t  was a t  o p e r a t i o n a l  tempera tures  when t h i s  l e a k  occu r red .  

Then t h e  p r o p e l l a n t  r u n  tank  would be p r e s s u r i z e d  t o  a p ressu re  co r respond ing  t o  t h e  

D u r i n g  

C e r t a i n  parameters  were mon i to red  d u r i n g  t h e  t e s t  t o  a b o r t  t h e  t e s t  a u t o m a t i c a l l y  i f  any o f  t h e  

No a t t e m p t  was made t o  c o n t r o l  

The e j e c t o r s  c o n t i n u e d  t o  evac- 

I n  t h e  l a t t e r  case, 

N i t r o g e n  was then  b l e d  i n t o  t h e  t e s t  capsu le  t o  s l o w l y  r a i s e  t h e  capsu le  pr, lssure back 

Even w i t h  these  precau- 

Hydraz ine  was l e f t  i n  t h e  system a t  t h e  end of a t e s t .  When t h e  t h r u s t e r  was t o  be removed 
f r o m  t h e  system, h e l i u m  was used t o  purge the  l i n e s  o f  h y d r a z i n e .  Then t h e  h e l i u m  was used t o  purge 
any r e m a i n i n g  h y d r a z i n e  th rough  t h e  t h r u s t e r  ( w i t h  t h r u s t e r  tempera ture  between 121 "C (250 O F ) )  and 
204 "C  (400 OF)). He l ium was s e l e c t e d  f o r  the purge gas when t h e  gaseous n i t r o g e n  a n a l y s i s  r e v e a l e d  
t r a c e s  o f  water  and oxygen i n  t h e  a v a i l a b l e  n i t r o g e n  supp ly .  
h e l i u m  purge was con t inued  f o r  one hour and the t h r u s t e r  heated  w i t h  t h e  hea t  lamp t o  88 " C  (190 " F )  
under a vacuum f o r  2 t o  3 h r  t o  decontaminate t h e  t h r u s t e r .  

I f  t h e  t h r u s t e r  were t o  be removed, t h e  

TEST RESULTS 

The p lanned t e s t  f i r i n g s  f o r  t h e  l i f e  t e s t  o f  t h e  t h r u s t e r  a r e  shown i n  Tab le  1 .  The long  f i r -  
i n g  t i m e s  m i g h t  be t y p i c a l  o f  t i m e s  such as o r b i t  r a i s i n g  o r  c o l l i s i o n  avo idance maneuvers. 
s h o r t e r  f i r i n g  t imes  a r e  more t y p i c a l  o f  a t t i t u d e  c o n t r o l  o p e r a t i o n s .  Tab le  1 a l s o  shows t h e  a L t u a l  
t e s t  t imes  o b t a i n e d  w i t h  t h e  t h r u s t e r  ( n o t  i n  c h r o n o l o g i c a l  o r d e r )  as w e l l  as t h e  l e v e l  o f  t o t a l -  
impu lse  ach ieved.  

never  reached t h e  15 t o  20 pe rcen t  l e v e l  which was t h e  c r i t e r i o n  f o r  e n d - o f - l i f e .  A f t e r  a p p r o x i -  
m a t e l y  3 . 5 ~ 1 0 ~  N-sec ( 7 . 5 ~ 1 0 5  l b f - s e c )  o f  t o t a l  impu lse  was ob ta ined ,  a d r o p - o f f  i n  chamber p ressu re  
began t o  occu r  w i t h  i n c r e a s i n g  f requency .  
t h i s  d r o p - o f f  was observed.  On occas ion ,  t h i s  d r o p - o f f  i n  chamber p ressu re  would be g r e a t  enough t o  
t r i g g e r  an au tomat i c  shut-down. However, as t h i s  f i g u r e  i l l u s t r a t e s ,  sometimes t h e  p ressu re  would 
r e c o v e r  and t h e  t e s t  proceed as be fo re .  Th is  phenomena i s  w e l l  documented i n  t h e  h y d r a z i n e  t h r u s t e r  
l i t e r a t u r e  and i s  known as "washout" (Refs .  1 and 2 ) .  Th i s  washout was thought  t o  be caused by t h e  
g radua l  accumu la t i on  o f  a n i l i n e  i n  t h e  c a t a l y s t  bed. 
l a n t  g rade"  and con ta ined  about 0.337 pe rcen t  a n i l i n e  as shown i n  t h e  chemical  a n a l y s i s  i n  Tab le  11. 

The 

I n  a c t u a l  o p e r a t i o n  t h e  chamber p ressu re  f l u c t u a t i o n s  were on t h e  o r d e r  o f  6 t o  7 pe rcen t  and 

F igu re  5 shows a t y p i c a l  t r a c e  o f  chamber p ressu re  where 

The hyd raz ine  used i n  t h i s  program was "p rope l -  
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D u r i n g  t h e  ex tended t e s t  f i r i n g s ,  a n i l i n e  c o u l d  g r a d u a l l y  b u i l d  up and contaminate  a p o r t i o n  o f  t h e  
c a t a l y s t  bed. 
t a c t i n g  any a c t i v e  c a t a l y s t .  
b e i n g  decomposed. 
r e s u l t s  i n  a chanye i n  t h e  gas f l o w  p a t t e r n  th rough  t h e  bed, which c o u l d  now b r i n y  h y d r a z i n e  i n t u  
c o n t a c t  w i t h  a c t i v e  c a t a l y s t  r e s u l t i n g  i n  a r e s t o r a t i o n  o f  t h e  chamber p r e s s u r e  t o  p r e v i o u s  l e v e l s .  
Such an occu r rence  i s  i l l u s t r a t e d  i n  F i g .  5. T h i s  p rob lem would n o t  occu r  i f  t h e  t h r u s t e r  was used 
i n  a space f l i g h t  a p p l i c a t i o n  because t h e  a n i l i n e  would r a p i d l y  ou tgas  a f t e r  each f i r i n g .  
f o r  these t e s t s ,  t h e  t e s t  capsu le  p ressu re  was h i g h  enough t h a t  t h e  o u t g a s s i n g  o f  t h e  a n i l i n e  was 
n o t  comple ted  between t e s t  f i r i n g s .  

An a t t e m p t  was made t o  bake o f f  t h e  p o t e n t i a l  a n i l i n e  con tamina t ion  o f  t h e  c a t a l y s t  by h e a t i n g  
t h e  t h r u s t e r  w i t h  the  hea t  lamp w h i l e  t h e  t e s t  capsu le  was under vacuum. 
l a n t  v a l v e  was a l s o  sub jec ted  t o  t h e  h e a t i n g  caus ing  t h e  r e s i d u a l  h y d r a z i n e  t rapped  i n  t h e  v a l v e  t o  
decompose. 
v i o l e n t l y  exp lode .  The t e s t  
was t e r m i n a t e d  a t  t h i s  t i m e  because t h e  f u e l  f e e d  tube  i n  t h e  t h r u s t e r  was p lugged.  A l l  a t t empts  t o  
reopen t h e  tube  were no t  success fu l  and a l l  remedies suggested seemed l i k e l y  t o  impact  t h e  v a l i d i t y  
o f  f u r t h e r  l i f e  t e s t i n g .  

E v e n t u a l l y ,  h y d r a z i n e  would pass th rough  a p o r t i o n  o f  t h e  c a t a l y s t  bed w i t h o u t  con- 
Th is  r e s u l t s  i n  a d r o p  i n  chamber p ressu re  as a l l  t h e  h y d r a z i n e  i s  n o t  

A r e d u c t i o n  i n  chamber p ressu re  (and a co r respond ing  i n c r e a s e  i n  f u e l  f l o w )  

However 

U n f o r t u n a t e l y ,  t h e  p r o p e l -  

T h i s  au todecompos i t ion  r e s u l t e d  i n  i n t e r n a l  p ressu res  i n  t h e  v a l v e  wh ich  caused i t  to  
The p r o p e l l a n t  v a l v e  was rep laced ,  b u t  t h e  t h r u s t e r  would n o t  i g n i t e .  

POST-TEST DISASSEMBLY AND ANALYSIS 

The t h r u s t e r  was removed f rom t h e  t e s t  chamber a f t e r  t h e  a t t e m p t  t o  bake o f f  t h e  c a t a l y s t  bed 
contaminants  w i t h  a heat lamp r e s u l t e d  i n  t h e  au todecompos i t ion  o f  t h e  hyd raz ine  f u e l  en t rapped i n  
t h e  v a l v e .  
i n t o  t h e  t h r u s t e r ' s  f u e l  i n j e c t o r ,  caus ing  i t  t o  become p lugged.  A t tempts  a t  removing t h e  p l u g  
f a i l e d ,  so t h e  t h r u s t e r  was r e t u r n e d  t o  Rocket Research Company f o r  d isassembly  and a n a l y s i s .  

t h e  t h r u s t e r .  V i s i b l e  accumula t ions  o f  c a t a l y s t  f i n e s  were p resen t  on a l l  i n t e r n a l  s u r f a c e s ,  F i g .  6. 
The t o r s i o n a l  c a t a l y s t  bed compression s p r i n g  was taken  up t o  98 t o  100 pe rcen t  o f  i t s  maximum 
d e f l e c t i o n  w i t h  t h e  s p r i n g  t r a v e l  a lmost  a t  t h e  s t o p  as i n d i c a t e d  i n  F i g .  7 .  A l l  i n t e r n a l  moving 
p a r t s  moved smooth ly  th rough t h e i r  f u l l  range o f  mo t ion ,  and a l l  i n t e r n a l  meta l  p a r t s  showed no 
mechanical  o r  thermal  deg rada t ion  under c l o s e  examina t ion .  

p l a c e ,  was e a s i l y  removed a f t e r  t h e  weld was machined o f f .  
removed, expos ing  the  c a t a l y s t  bed. The c a t a l y s t ,  F i g .  7,  comp le te l y  f i l l e d  t h e  c a t a l y s t  bed chamber 
w i t h  no apparent  vo ids  or v i s i b l e  p a r t i c l e  deg rada t ion .  
t h e  b e d p l a t e  s l o t s  w e r e  apparen t .  
l y s t  p a r t i c l e s  v i s i b l e ,  appeared g r a y  and " d u s t y , "  w h i l e  t h e  i n n e r  47 p e r c e n t  appeared smooth and 
s h i n y .  The c a t a l y s t  was "cored"  c o n c e n t r i c a l l y  w i t h  t h e  i n j e c t o r  u s i n g  a m o d i f i e d  5 cc l a b o r a t o r y  
s y r i n g e .  
i n j e c t o r  s u r f a c e  o u t  t o  a 0.59-cm (0 .233- in . )  r a d i u s .  
c e n t  o f  t o t a l  we igh t )  and was c o l l e c t e d  f r o m  t h e  c a t a l y s t  b e d p l a t e  t o  a 0.60-cm (0 .235- in . )  r a d i u s  
f r o m  t h e  i n j e c t o r  c e n t e r l i n e .  

Be fo re  t e s t i n g  began, 20.92 g o f  25 t o  30 mesh c a t a l y s t  were loaded i n t o  t h e  t h r u s t e r .  
o f  c a t a l y s t  (19.07 perceir t  o f  t o t a l  we igh t )  were l o s t  as f i n e s  d u r i n g  t e s t i n g .  The t h r u s t e r  was 
des igned t o  a l l o w  up t o  a 20 pe rcen t  c a t a l y s t  l o s s  w i t h o u t  deve lop ing  v o i d s  i n  t h e  c a t a l y s t  bed. 
p a r t i c l e  s i z e  a n a l y s i s ,  Tab le  111, showed no s i g n i f i c a n t  change i n  p a r t i c l e  s i z e  d i s t r i b u t i o n  between 
t h e  o u t e r  bed and inne r  bed samples taken.  

I n  an e f f o r t  t o  de termine what caused t h e  "washout"  d u r i n g  t h e  t e s t s ,  oxygen p o i s o n i n g  and 
hydrogen chemiso rp t i on  t e s t s  were r u n  on  t h e  two c a t a l y s t  samples. The oxygen p o i s o n i n g  t e s t s  showed 
a 9 . 5  pe rcen t  o x i d a t i o n  i n  t h e  o u t e r  bed and a 6.6 p e r c e n t  o x i d a t i o n  i n  t h e  i n n e r  bed. These va lues  
a r e  w i t h i n  accep tab le  l i m i t s  f o r  normal t h r u s t e r  o p e r a t i o n ,  and do n o t  i n d i c a t e  t h a t  t h e  a i r  l e a k  i n  
t h e  t e s t  vacuum chamber i n t o  t h e  h o t  c a t a l y s t  bed caused a s i g n i f i c a n t  p rob lem l e a d i n g  t o  t h e  e a r l i e r  
t h r u s t e r  "washouts . "  The hydrogen chemiso rp t i on  t e s t s  showed 77 p o l  o f  hydrogen absorbed o n t o  each 
gram o f  d r y  c a t a l y s t  i n  t h e  o u t e r  bed and 49 pmol on  t h e  i n n e r  bed samples. 
c h e m i c a l l y  r e a c t i v e  than the  i n n e r  bed. 
f o r  a c a t a l y s t  w i t h  the amount of  r u n  t i m e  accrued on t h e  t h r u s t e r .  
would be expec ted  t o  l ead  t o  i ncomp le te  decompos i t ion  o f  t h e  hyd raz ine .  

I n  o r d e r  t o  determine t h e  cause o f  t h e  "washout," a m e t a l s  a n a l y s i s  was conducted by d i g e s t i n g  
t h e  c a t a l y s t  bed samples i n  a c i d  and a n a l y z i n g  t h e  d i s s o l v e d  me ta l s .  The r e s u l t s ,  Tab le  I V ,  showed 
an abnorma l l y  h i g h  concen t ra t i on  o f  i r o n  and n i c k e l  which p r o b a b l y  l e a d  t o  t h e  l ow  hydrogen chemi- 
s o r p t i o n  v a l u e s .  
e n t  w i t h  me ta l s  d i s s o l v e d  i n t o  t h e  f u e l  f r o m  tankage and t r a n s f e r  l i n e s  e n t e r i n g  t h e  c a t a l y s t  bed 
and be ing  d e p o s i t e d  on to  t h e  c a t a l y s t  p a r t i c l e s .  

When t h e  v a l v e  exp loded v i o l e n t l y ,  p a r t  o f  t h e  T e f l o n  v a l v e  sea t  was f o r c i b l y  e j e c t e d  

The a f t  t h r u s t e r  chamber (and a t tached  hea t  s h i e l d )  was c u t  open and separa ted  from t h e  r e s t  o f  

The bed r e t a i n e r  n u t ,  l u b r i c a t e d  b e f o r e  t e s t i n g  began w i t h  magnesium o x i d e  and tack-we lded i n t o  
The a f t  bed c l o s u r e  and bed suppor t  were 

Some c a t a l y s t  p a r t i c l e  p e n e t r a t i o n s  th rough  
The o u t e r  53 p e r c e n t  ( b y  d i s t a n c e  f r o m  t h e  i n j e c t o r )  o f  t h e  ca ta -  

The i n n e r  bed sample weighed 5.3 g (31 p e r c e n t  o f  t o t a l  we igh t )  and was c o l l e c t e d  f rom t h e  
The o u t e r  bed sample weighed 11.63 g (69 pe r -  

3 .59  g 

A 

The o u t e r  bed was more 
These va lues  a r e  cons ide red  abnorma l l y  l ow  and n o t  t y p i c a l  

Chemiso rp t i on  va lues  t h i s  low 

The h i g h e s t  me ta l s  c o n c e n t r a t i o n s  came from t h e  i n n e r  bed sample. 

I t  was de termined f r o m  a chemical  a n a l y s i s  o f  t h e  

T h i s  i s  c o n s i s t -  
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. 

h y d r a z i n e  i n  t h e  r u n  t a n k ,  a f t e r  t h e  t e s t i n g  was completed, t h a t  one b a r r e l  o f  " p i n k "  h y d r a z i n e  had 
been mixed w i t h  t h e  h y d r a z i n e  i n  t h e  r u n  t a n k  and was used d u r i n g  t h e  t e s t s .  P i n k  h y d r a z i n e  r e s u l t s  
f r o m  a i r  l e a k i n g  i n t o  an i m p r o p e r l y  sea led  drum. The a i r  r e s u l t s  i n  a chemica l  r e a c t i o n  between t h e  
h y d r a z i n e  and carbon d i o x i d e  fo rming  wa te r ,  and c a r b a z i c  a c i d .  
(H2NNHCOOH) r e a c t s  w i t h  t h e  meta l  drum and as i r o n  i s  leached o u t  i t  contaminates  t h e  h y d r a z i n e .  
i r o n  w i l l  t hen  cause p o i s o n i n g  o f  t h e  c a t a l y s t ,  r e s u l t i n g  i n  a "washout" c o n d i t i o n  d u r i n g  t e s t i n g .  

F u r t h e r  i n s p e c t i o n  o f  t h e  t h r u s t e r  i n j e c t o r  by  a water  f l o w  c a l i b r a t i o n  showed t h a t  t h e  f l o w  
A p r e - t e s t  

The c o r r o s i v e  c a r b a z i c  a c i d  
The 

th rough  t h e  i n j e c t o r  was a lmost  comp le te l y  cu t  o f f  by t h e  T e f l o n  from t h e  v a l v e  s e a t .  
f l o w  c a l i b r a t i o n  a t  276 KPa (40  p s i a )  f lowed 856.4 g lm in ,  w h i l e  a p o s t - t e s t  c a l i b r a t i o n  f l o w e d  o n l y  
7 g /m in  o f  wa te r .  P o s t - t e s t  photographs o f  the exposed i n j e c t o r ,  F i g .  8 ,  c l e a r l y  show why t h e  pos t -  
t e s t  i n j e c t o r  f l o w  r a t e  was so low .  
smal l  i n j e c t o r  o r i f i c e s  and was fo rced  i n t o  the f u e l  d e l i v e r y  s l o t s  beh ind  t h e  i n j e c t o r  d i s p e r s i o n  
e lement .  

Te f l on  from t h e  e j e c t e d  v a l v e  sea t  was ex t ruded  th rough  t h e  

CONCLUDING REMARKS 

A 22-N ( 5 - l b f )  s p r i n g  loaded h y d r a z i n e  rocke t  t h r u s t e r  was t e s t e d  t o  "end o f  l i f e "  under a Tech- 
n i c a l  Exchange Agreement w i t h  t h e  Rocket Research Company. The t h r u s t e r  was opera ted  i n  a vacuum 
t e s t  f a c i l i t y  a t  t h e  NASA Lewis a t  c o n d i t i o n s  s i m u l a t i n g  b o t h  t h e  s teady -s ta te  and p u l s e  f i r i n g  
requ i remen ts  which may be needed by t h e  space s t a t i o n  o r  o t h e r  m iss ions  f o r  d r a g  makeup and o r b i t a l  
maneuver ing. 

The t h r u s t e r  r a n  as expec ted  f o r  40 hr ,  d e l i v e r i n g  3 . 2 ~ 1 0 ~  N-sec ( 7 . 2 ~ 1 0 5  lb -sec)  o f  t o t a l  
i m p u l s e .  Subsequent ly ,  some chamber p ressu re  o s c i l l a t i o n s  were no ted  d u r i n g  l o n g  s teady  s t a t e  t e s t  
i n g .  However, these chamber p ressu re  o s c i l l a t i o n s  never  reached t h e  predetermined "end o f  l i f e "  
roughness va lues  o f  15 t o  20  p e r c e n t .  The pressure  o s c i l l a t i o n s  were though t  t o  be caused by  contam- 
i n a n t s  i n  t h e  hyd raz ine ,  such as,  a n i l i n e .  An e f f o r t  t o  bake o u t  p o s s i b l e  c a t a l y s t  bed contaminants  
under vacuum w i t h  a hea t  lamp r e s u l t e d  i n  an au todecompos i t ion  o f  t h e  h y d r a z i n e  en t rapped i n  t h e  
f u e l  v a l v e .  Thus, t h e  t e s t s  were t e r m i n a t e d  a f t e r  60.2 h r  o f  r u n  t i m e  due t o  a b lockage i n  t h e  p ro -  
p e l l a n t  f eed  tube.  
i n j e c t o r  t ube  b e c m e  p lugged w i t h  Te f lon  f rom t h e  p r o p e l l a n t  v a l v e  s e a t ,  and t h e  c a t a l y s t  had s u f -  
f e r e d  some p o i s o n i n g  f r o m  i r o n  and n i c k e l  metals wh ich  were t h e  r e s u l t  o f  a contaminated  b a r r e l  o f  
h y d r a z i n e  which i n a d v e r t e n t l y  had been used du r ing  t h e  t e s t s .  Consequent ly ,  t h e  a c t u a l  "end o f  l i f e "  
due t o  eng ine  roughness was never reached. The maximum c a l c u l a t e d  roughness near t h e  end o f  t e s t i n g  
was o n l y  i n  t h e  6 t o  7 pe rcen t  range.  
l i f e  rema in ing ,  i t  i s  most l i k e l y  t h a t  i f  the  t e s t  had con t inued ,  t h e  eng ine  roughness would i n c r e a s e  
as t h e  c a t a l y s t  was d e p l e t e d  and v o i d s  r e s u l t e d .  I t  shou ld  be no ted  t h a t  t h e  i n a d v e r t e n t  meta l  con- 
t a m i n a t i o n  o f  t h e  c a t a l y s t  may have acce le ra ted  t h e  c a t a l y s t  l o s s  r a t e  and t h e  l i f e  may be somewhat 
g r e a t  t h a n  r e p o r t e d  h e r e i n .  
impu lse  b e f o r e  t h e  i n j e c t o r  t ube  was b locked.  

Disassembly and i n s p e c t i o n  o f  t h e  t h r u s t e r  and i t s  c a t a l y s t  showed t h a t  t h e  

Wi th  on l y  2 p e r c e n t  o f  t h e  c a t a l y s t  bed compression s p r i n g  

The t h r u s t e r  had accrued ove r  4 . 8 ~ 1 0 ~  N-sec ( 1 . 1 ~ 1 0 6  lb -sec )  o f  t o t a l  
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TABLE I. - LIFE PERFORMANCE TEST OF H Y D R A Z I N E  THRUSTER 

P a r t i c l e  s i z e ,  
mesh number 

c y c l e s  

Outer  bed Percent  I n n e r  bed Percen t  
w e i g h t ,  we igh t ,  

g 9 

H e a l t h  check 
Pulse,  sec 
0.1 on10.4 o f f  
1 on12 o f f  
10 on120 o f f  
20 on110 o f f  
100 on15 o f f  
Steady s t a t e  
5 sec 
1000 
5670 

T o t a l s  

287 

5000 
5000 

100 
1951 
1193 

1 1  
24 

5 

T o t a l  t ime ,  I T o t a l  impu lse  
sec 

174 

500 
5 000 
1 000 

39 200 
119 300 

55 
23 379 
28 350 

N-sec 

3 . 9 ~ 1 0 3  

1 . 1 ~ 1 0 4  
1 . 1 ~ 1 0 5  
2 . 2 ~ 1 0 4  

1 . 2 ~ 1 0 3  

8 . 7 ~ 1 0 5  
2 . 7 ~ 1 0 ~  

5 . 2 ~ 1 0 5  
6 . 3 ~  105 

216 778 I 4 . 8 2 ~ 1 0 ~  

TABLE 11. - CHEMICAL ANALYSIS OF NOMINAL 

IMPURITIES OF TEST HYDRAZINE 

E l  emen t 

Hydraz ine  (N2H4) 
Water (H20) 
Ammonia ("3) 
A n i l i n e  (CgHgNH2) 
I r o n  (Fe) 
C h l o r i d e  ( C l - )  
Carbon d i o x i d e  (C02) 
N o n v o l a t i l e  r e s i d u e  ( N V R )  
Trace o r g a n i c s  (OHC) 

Pe rcen t  by 
we igh t  

99.050 
0.344 
0.265 
0 .337 

0 .0006 
0.0003 
0.0028 
0.0039 
0.0075 

1 b-sec 

810 

2 500 
25 000 

5 000 
195 100 
596 500 

275 
116 895 
141 750 

1 083 890 

30-45 
45-50 
50-60 i T o t a l  f i n e s  

78.85 
18.23 

.95 

.69 
1.29 

4 .21  
.96 
.03 
.04 
.06  

~ 

79.43 
18.11 

.57 

.75 
1.13 

TABLE I V  - THRUSTER CATALYST BED METALS ANALYSIS 

I Meta l  I I n n e r  bed, 

I I percent 

( a )  
.ll 

cu  ( a )  
Zn ( a )  
Mo ( a )  

agelow minimum d e t e c t i o n  l i m i t .  

Outer  bed, 
p e r c e n t  

0.075 
(a )  
(a )  
( a )  
.056 
( a )  
( a )  
(a )  

Minimum d e t e c t i o n  l i m i t ,  
p e r c e n t  

I n n e r  bed 

- - - - - - - 
0.0026 

.0039 

.0065 

.0026 

.00065 

.0065 

- - - - - - - 

Outer  bed 

- - - - - - - 
0.0038 

.0057 

.0095 

.003 8 

.00095 

.0095 

- - - - - - - 

, 
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( a )  CUTAWAY VIEW OF ALTITUDE TEST F A C I L I T Y .  

EXHAUST 

t 

RETRACTABLE 
CAN BULKHEAD 
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FIGURE 3.  - NASA LEWIS RESEARCH CENTER ROCKET 

8 

bl 
WATER SEAL 

USED FOR HYDRAZINE TESTS. 

ENGINE TEST F A C I L I T Y  (RETF).  

ORIGINAL PAGE Is 
OE‘POOR QUALJTY 

SERVICE 
AIR 



. 

FIGURE 4. - HYDRAZINE THRUSTER MOUNTED I N  ROCKET ENGINE TEST F A C I L I T Y .  

INCREASE I N  FUEL FLOW 7, 

\ FUEL 
FLOW 
RATE 

138 KPA (20 PSID) 1 -I'o + 
TINE - 

FIGURE 5 .  - VARIATION OF CHAMBER PRESSURE AND FUEL FLOW RATE 
TYPICAL OF HYDRAZINE "WASHOUT" PHENOMENON. 



PRE-TEST 

,-CATALYST FINES 
ACCUMULATIONS 

NOTE 
98 TO 100% 
SPRING 
TAKEUP 

OUTER BED CATALYST - r I N N E R  BED CATALYSl 

, 

100% SPRING 
COMPRESSION 

FIGURE 7. -22-N (5-LBF) SPRING-LOADED THRUSTER POST-TEST 
CATALYST BED DETAIL. 

POST-TEST 

FIGURE 6. - SPRING-LOADED ASSEMBLY FROM 22-N (5-LBF) THRUSTER 
BEFORE AND AFTER TEST. 

FIGURE 8.- 22-N (5-LBF) SPRING-LOADED THRUSTER REMAINS OF A 
TEFLON VALVE SEAT EXTRUDED THROUGH INJECTOR ORIFICES. 
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